This article reports the evaluation of a 6-week programme of teaching designed to support the development of phoneme blending skills in children with Down syndrome (DS). Teaching assistants (TAs) were trained to deliver the intervention to individual children in daily 10 -15-minute sessions, within a broader context of reading and language instruction. Ten children with Down syndrome (aged 6 years 11 months to 10 years 6 months) took part in the study; assessments of reading and phonological skills were completed at baseline, after an 8-week control period, and after 6-weeks of intervention. Children made significantly greater gains in phoneme blending skills and single word reading during the intervention period than in the control period. Thus, children with Down syndrome can make gains in blending skills, which may generalize to wider literacy skills, following targeted training over relatively short periods.
I Introduction
Many children with Down syndrome (DS) can learn to read, although there is wide variability in attainment levels (Hulme et al., 2012; Kay-Raining Bird and Chapman, 2011; Laws and Gunn, 2002).
For this group, whole-word reading skills are typically better than are skills in decoding as assessed by measures of non-word reading. These difficulties in developing decoding skills appear related to impairments in phonological awareness (Kay-Raining Bird et al., 2000; Fuchs, 2010a, 2010b; Roch and Jarrold, 2008) . Such difficulties may be interpreted as reflecting a difficulty with phonological reading strategies in contrast to relatively strong visual or whole-word reading skills.
The skills and strategies that children have available to them to support reading are clearly affected by reading instruction. Historically, when teaching children with DS to read, instruction has tended to favour whole-word teaching methods building on visual learning strengths (Fidler et al., 2005) . Whole-word teaching can effectively increase the number of words children recognize; however, it does not equip children with strategies to enable them to work out how to read new and unfamiliar words for themselves. Potentially, this tendency towards whole-word approaches to reading instruction contributes to the pattern of strengths and weaknesses observed in the reading skills of children with DS (Kay-Raining Bird et al., 2000; Lemons and Fuchs, 2010a) .
Two foundational skills that are important for reading development are letter-sound knowledge and phoneme awareness (Muter et al., 2004) . These skills can be applied when children encounter new words in print: by sounding out the letters and blending those sounds together children can read new unfamiliar words. This constitutes a phonic approach to reading. Skills in phoneme blending (an aspect of phoneme awareness) are therefore of particular importance for learning to read. There is good evidence to support the benefits of systematic phonics instruction (including training in phoneme awareness) for improving reading (NRP, 2000; Torgerson et al., 2006) , such that phonics instruction (within a language-rich curriculum) is strongly recommended as the primary approach to reading in the UK (Rose, 2006) .
Recent research suggests that phonological awareness and phonics-based reading instruction can also be effective for many children with DS (e.g. Baylis and Snowling, 2012; Cologon et al., 2011; Goetz et al., 2008; Lemons and Fuchs, 2010a; van Bysterveldt et al., 2006) . In the largest evaluation of reading and language intervention for children with DS to date (Burgoyne et al., 2012a), children made significantly greater gains in single word reading following 20 weeks of comprehensive phonics-based reading instruction combined with targeted language work, in comparison to typical classroom literacy instruction. Nonetheless, phonological skills and decoding remained challenging for many of these children: no significant gains were made in non-word reading or spelling, and slower growth was reported on measures of phoneme blending and letter-sound knowledge after the initial phase of intervention.
The teaching programme evaluated by Burgoyne et al. (2012a) was delivered by trained teaching assistants (TAs) who selected specific teaching targets and activities based on individual children's needs and abilities. These could include work at the syllable and rime levels as well as phoneme level activities, and activities targeting alliteration and matching skills, as well as blending and segmenting. Thus, the actual content of teaching was variable and some children may have received little direct work on phoneme blending skills even though these are particularly important for decoding. Evidence of difficulties with phoneme level skills in children with DS has been reported elsewhere (e.g. Kay-Raining Bird et al., 2000). Taken together this suggests that a teaching programme which specifically targets these skills may be beneficial for children with DS.
In the current study, a teaching programme to support the development of phoneme blending skills in children with DS was devised and evaluated. As teaching assistants report that they find the teaching of phonics difficult (Burgoyne et al., 2012b; Carroll et al., 2011), we developed a scripted programme that specifically targeted phoneme blending and was considered easy to implement. The specific research questions were:
• Can a targeted teaching programme improve the phoneme blending skills of children with DS?
• Does the programme lead to gains in reading and spelling?
• Do educators working with children with DS feel the programme is easy to implement, effective and worthwhile?
II Method
Trained TAs delivered a 6-week intervention to support phoneme blending skills to individual children in daily 10 -15 minute sessions in school. A case series research design was used whereby each child acted as their own control. Ethical approval was granted by the Research Ethics committee, Department of Psychology, University of York; informed parental consent was obtained for all children.
Participants
Ten children (8 boys) with DS were recruited from a cohort of 57 children who had previously participated in a larger study of reading and language intervention (Burgoyne et al., 2012a). Recruitment was based on the following criteria:
• TAs working with the children expressed interest in taking part and reading continued to be a target for instruction in school.
• At the latest assessment (January 2011) children correctly identified a minimum of 15 lettersounds, and attained word reading/phoneme blending scores that were below ceiling; and • Children had good attendance (minimum of 50% attendance rate) during the reading and language intervention.
Descriptive statistics on key reading and language measures at time 1 (t1; July 2011) are displayed in Table 1 . The children were aged between 6 years 11 months and 10 years 6 months (mean age 8 years 4 months) at t1. All attended mainstream primary school with support from a TA and had previously received reading and language intervention as part of the larger study for either 40 (n = 4) or 20 weeks (n = 6).
Intervention programme
The teaching programme (30 sessions) was designed to be delivered in daily 10 -15-minute sessions with individual children. The content followed a clear, structured progression based on the sequence of phonemes outlined in Letters and sounds (DfES, 2007) . Each teaching session followed a prescribed format of six activities introducing 2 -3 new letter-sounds every second day. Content increased in difficulty with vowel digraphs introduced in week 4 and consonant clusters in week 5. The activities involved the blending of 2-and 3-phoneme words in order to minimize cognitive load; TAs were provided with a list of 4-phoneme target words that could be used to increase the difficulty level if they felt this was appropriate. An overview of the programme structure and sequence is provided in Appendix 1. Six teaching activities, based on similar tasks used in previous research (e.g. Cologon et al., 2011; Lemons and Fuchs, 2010a) were followed each day in a regular sequence (see Table 2 and example of scripted teaching session in Appendix 2). The language used by teaching assistants was kept consistent across activities to support the transfer of skills. Blending of individual phonemes/letter-sounds was practised both aurally (providing practise in listening to sounds) and with letters (to make the connection with reading explicit). Pictures were used to support some of the activities to reduce cognitive load, link the words to oral language and enable a non-verbal response; blending activities without Visual blending with pictures Teaching assistants (TAs) placed individual letters in front of children to spell out a word; the child produced the sound for each letter then blended the sounds to make the word. The child selected which one of three pictures matched the word. 2
Visual blending TAs placed individual letters in front of the child to spell out a word; the child produced the sound for each individual letter then blended the sounds together and said the word. 3
Oral blending with pictures TAs sounded out a word; the child blended the sounds together to make the word and pointed to one of three pictures which matched the word. 4 Oral blending TAs sounded out a word; the child blended the sounds together and said the word. 5
Non-word reading The child was shown a picture of a cartoon monster under which was a non-word. The child was asked to sound out and blend the sounds together to read the monster's name. 6 Sentence reading The child was shown a sentence which contained a decodable word which was marked out with sound buttons placed under each phoneme. The child was asked to read the sentence and to sound out/ blend the decodable word, then to read the whole sentence again. picture support were also included to reflect real reading experiences. Non-word reading activities provided further practise in sounding out/blending letters. Lastly, a sentence reading activity was used to highlight the link between sounding out/blending and reading in context. There was scope within the programme to adjust the difficulty level of the teaching activities depending on the child's ability: for example, by reducing the number of word targets within each activity; increasing/decreasing the level of TA support; or reading only the decodable word versus the whole sentence in the final activity. TAs were provided with all resources and materials to deliver the teaching. The design of the intervention and training took advantage of a number of strategies that increase fidelity to intervention (Kaderavek and Justice, 2010):
• The intervention was scripted and followed a standard format with clear teaching targets for each activity (for example, see Appendix 2).
• TAs were provided with a teaching manual and training (delivered via a DVD), which included a demonstration of each of the teaching activities.
• TAs were observed in weeks 2-3 of intervention for ongoing support/follow-up training.
Fidelity to intervention was evaluated during observations by rating TAs on 10 items measuring effectiveness of delivery and adherence to the programme using a scale of 1 (excellent) to 3 (poor); the average TA rating was 1.31.
All children completed all teaching sessions (1-30) in sequential order. TAs were instructed that the blending programme should be delivered alongside the book reading and sight word learning activities they had been delivering as part of a reading intervention programme (for a description of the intervention, see Burgoyne et al., 2012a).
Assessments and procedure
Children were assessed three times: at the start of the study (t1), after an 8-week control period (time 2; t2) and after 6 weeks of intervention (time 3; t3). The control period included school holidays as well as time in school with typical teaching. Assessments were conducted by the first author (KB) and two research assistants at the University of York, all of whom had training and experience in assessing children with DS. At each time point, testing was completed in a single session in a quiet room at the child's school. TAs were present during testing to support behaviour and communication where necessary.
a Descriptive measures (t1)
• Letter-sound knowledge (YARC; Hulme et al., 2009): Children were asked to identify 32 individual letters and digraphs (alpha = .98).
• Vocabulary: Children completed the Expressive and Receptive One-Word Picture Vocabulary Tests (EOWPVT; ROWPVT; Brownell, 2000). Children were required to name a series of pictures and to choose the correct pictures -from arrays of 4 -which matched a series of spoken words.
b Outcome measures (t1-t3)
• Single-word reading was assessed using the YARC Early Word Recognition (EWR) test (Hulme et al., 2009; alpha = .98). A further set of words from the Test of Single-Word Reading were given to children scoring over 25.
• Phoneme blending with pictures: Children selected one of three pictures that matched a word spoken by the experimenter in 'robot' talk (i.e. saying the constituent phonemes sequentially, with a one-second gap between each). Two practice items were followed by 10 test items (alpha = .67).
• Phoneme blending no pictures: Children were asked to name a word spoken by the experimenter in 'robot' talk. The test included two practice items and 12 test items (alpha = .66).
• Non-word Reading: Children were asked to read the names of 6 cartoon monsters: 'et', 'om', 'ip', 'neg', 'sab' and 'hic'. Two practice items were given before test items (alpha = .88). One point was awarded for each non-word read correctly.
• Sound isolation was assessed using the subtest from the YARC (Hulme et al., 2009), which asks children to identify initial (6 items) and final (6 items) phonemes in spoken non-words.
• Spelling: Ten words were presented as pictures to be named and spelled (alpha = .97). If no letters were correctly represented in the first two items the test was discontinued. Raw scores were calculated by awarding 1 point for each word spelt correctly. A Phonetic Spelling score was also derived, to assess how closely the orthographic representations of the consonants matched the target consonants: 4 points were awarded for each correct letter; 3 points for a letter that differed from the target consonant by only one phonetic feature (place, manner or voicing); 2 points for a partially represented digraph, or for a correct letter in the wrong position; and 1 point for a letter more than one phonetic feature away from the target consonant. Twenty-three consonants were scored, giving a total of 92 points.
c TA Questionnaire. At t3 TAs were asked to complete a questionnaire about their experiences delivering the intervention. A 7-point response scale was used to rate the extent to which TAs agreed (1 = disagree; 7 = agree), with 8 statements related to intervention delivery and effectiveness (see Table 5 below). Table 3 shows the scores on measures of phonological and reading skills at t1, t2 and t3. As the length of the control (t1-t2) and intervention periods (t2-t3) were not equal, gain scores were adjusted to take into account differences in time periods: dividing gain scores by the time lag in testing points (2.8 months in the control period versus 1.8 months in the intervention period) produced a comparable measure of gain per month.
III Results
Research Questions 1 and 2: Can a targeted teaching programme improve the phoneme blending skills of children with DS, and does the programme lead to gains in reading and spelling?. Figure 1 compares the gains made per month during the control and intervention periods (95% confidence intervals included). As can be seen from the graph, children made very little progress over the control period; more progress was seen on all outcome measures during the intervention. Paired t-tests on the adjusted gain scores showed that gains per month made during the intervention period were significantly larger than those made during the control period on blending (both with and without pictures) and on word reading. No significant effects were found on measures of sound isolation, non-word reading or spelling. The gains in word reading for each child over the intervention period are presented in Table 4 , ordered according to increasing gains. All but one of the children made progress in word reading during the course of the intervention, though there is considerable variability between children in the size of the gains made.
Research Question 3: Do educators working with children with DS feel the programme is easy to implement, effective and worthwhile?
Mean ratings (standard deviations) on the TA questionnaire are displayed in Table 5 . Scores indicate that TAs felt that the intervention was easy to implement and enjoyable, and had benefits for the children's development.
IV Discussion
This study evaluated a 6-week prescribed programme of teaching designed to develop phoneme blending skills in a group of children with DS. The programme was delivered in the context of a Table 5 . Mean (standard deviations) for teaching assistant questionnaire ratings.
Question
Rating*
a) The blending intervention was easy to deliver. 6.80 (0.42) b) The child I work with has improved on the intervention activities.
5.80 (1.03) c) The child I work with is more confident with the intervention activities.
5.89 (0.78) d) I have seen the child I work with using a blending strategy more often in reading contexts outside of the intervention.
(0.97)
e) The child I work with is now more able to sound out and blend new words when reading.
(1.16)
f) I have enjoyed delivering the intervention. 7.00 (0.00) g) The child I work with has enjoyed taking part in the intervention.
6.80 (0.42) h) I believe there is a benefit of doing this specific type of intervention.
7.00 (0.42) wider programme of literacy, which included book reading and sight word instruction. Using a case series design in which children acted as their own controls, significant gains were seen on measures of phoneme blending skills (both with and without picture support). Gains also transferred to a measure of single word reading. There was no evidence of transfer to sound isolation, non-word reading or spelling skills. The results of this study indicate that children with DS can learn to blend phonemes in words following targeted instruction over a relatively short period of time. Phoneme awareness is critical to the development of alphabetic reading skills; the ability to sound out and blend phonemes in words is an important strategy for readers to tackle new and unfamiliar words. Significant effects on word reading suggest that improving blending skills supported the development of a phonic reading strategy, which transferred to gains in reading. It is important to note, however, that no significant effects were found on a measure of non-word reading, argued to be a pure test of decoding ability, and that children were also engaged in book reading and sight word learning activities alongside the blending programme. Therefore it remains a possibility that children were reading real words using alternative strategies.
It is notable that significant gains in blending and word reading were observed following only six weeks of instruction. Consistent with previous research, gains made in word reading across the intervention phase were highly variable across the group (ranging between 0 and 8 words). This raises important questions about whether all children can benefit from this type of intervention, and who intervention should be aimed at. It is interesting to note that the child who did not progress on the word reading measure across the intervention period had both the lowest word reading and the lowest vocabulary scores at time 1. Initial word reading has been identified as a significant predictor of growth in decoding (Lemons and Fuchs, 2010a) , leading to the suggestion that this type of instruction may be most effective for those who have established some level of (sight word) reading ability. Language has also been identified as a significant predictor of response to phonicsbased intervention, both for typically-developing children (e.g. Whiteley et al., 2007) and for children with DS (e.g. Burgoyne et al., 2012a). It may be that children with limited existing reading skills and significant and pervasive language deficits are not yet at a stage where they are able to benefit from this type of intervention approach, and that alternative, more foundational, intervention may be more appropriate; it remains for future research to address this question.
Though children made gains in spelling during the intervention, no significant effects were seen on this measure. Potentially, this type of intervention may have benefits for spelling over longer periods of instruction. Scores on the spelling task were low at all assessment points. The nature of the spelling task placed demands on fine motor skills which affected children's performance on this test; future work should take this into account when developing measures of spelling ability by, for example, using magnetic letters or keyboards. Though the intervention activities did not explicitly target spelling, such activities could easily be incorporated into future work to increase the potential for improving spelling skills.
This work is also consistent with other research that demonstrates that TAs can be trained to deliver intervention effectively (Burgoyne et al., 2012a). Qualitative reports suggest that TAs delivering intervention find the teaching of phonics to be difficult, even after training (Burgoyne et al., 2012b; Carroll et al., 2011). The TAs in this study found the intervention to be easy and enjoyable to implement, perhaps because of its prescriptive nature. Responses to the TA questionnaire also lend further support (albeit subjective) to the efficacy of the teaching programme; TAs agreed with statements regarding improvements to children's abilities and confidence in the intervention activities, increased use of a blending strategy when reading outside of the intervention sessions and greater ability in sounding out and blending words. TAs also agreed that they could see the benefit of this type of intervention.
The teaching programme evaluated here could also be readily adapted for electronic delivery (e.g. via iPad or iPhone apps). There are an increasing number of apps available that aim to address specific reading skills in a programmed and structured way. Though rigorous evaluation of such programmes is needed, they have considerable potential as many children find them engaging and motivating and are able to attend to them for sustained periods of time.
There are a number of limitations to this study. The use of participants as their own historical controls has been applied in this study as in previous evaluations of reading intervention both for typically developing children (e.g. Duff et al., 2008) and for children with DS (e.g. Baylis and Snowling, 2012; Cologon et al., 2011). However, this design does not adequately control for threats to internal validity such as maturation and is therefore not sufficient to make strong claims regarding the efficacy of the intervention. Future work would benefit from the inclusion of a control group with which to compare progress. In addition, whilst the design of this study incorporated a number of strategies that support fidelity to intervention, objective assessment of this was limited to a single observation. Nonetheless this suggested that the intervention was implemented with a sufficient degree of fidelity. The small sample size also limits the extent to which the findings can be generalized to a wider sample and precludes a thorough investigation of factors that may contribute to differential response to the intervention.
V Conclusions
Children with DS can learn to blend phonemes in words when provided with targeted instruction. Developments in phoneme blending skills can potentially transfer to gains in word reading. Thus, there is significant potential for prescriptive teaching to boost phoneme blending skills. These findings add to current evidence that supports the efficacy of phonics-based reading approaches, taught within comprehensive programmes of literacy instruction, with children with DS (e.g. Burgoyne et al., 2012a; Goetz et al., 2008; Lemons and Fuchs, 2010b) . This type of intervention can be delivered easily and effectively by TAs already working in the children's classrooms. 
